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ABSTRACT 

Buildings are one of the major consumers of energy in the U.S. Both commercial and 
residential buildings account for about 42% of the national U.S. energy consumption.  
The majority of commercial buildings energy consumption is attributed to lighting 
(25%), space heating and cooling (25%), and ventilation (7%). Several research 
studies and industrial developments have focused on energy management based on 
maximum occupancy. However, fewer studies, with the objective of energy savings, 
have considered human preferences. This research focuses on office buildings’ 
occupants’ preferences and their contribution to the building energy conservation. 
Accordingly, occupants of selected university campus offices were asked to reduce 
lighting levels in their offices during work hours. Different types of information 
regarding their energy consumption were provided to the occupants. Email messages 
were used to communicate with the occupants. To monitor behavioral changes during 
the study, the test bed offices were equipped with wireless light sensors. The 
deployed light sensors were capable of detecting variations in light intensity, which 
was correlated with energy consumption. The impact of different types of information 
on occupant’s energy related behavior is presented. 

Keywords: Building energy, lighting system, occupant preferences, human-building 
interaction 

Introduction 

In the last two decades, global energy consumption and consequently CO2 emissions 
have grown dramatically by 49% and 43%, respectively  (IEA 2006; Perez-Lombarda 
et al. 2008). Current predictions show a global annual increasing trend of 2% in 
energy consumption and 1.8% in CO2 emissions (IEA 2006; Perez-Lombarda et al. 
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2008). Fossil fuels are the source for about 81% of the primary energy consumption 
(IEA 2006). These energy resources are limited and are major contributors to the CO2 
emissions, which is correlated to global temperature rise (Dagobert G 2000). 
Therefore, ongoing global efforts have concentrated on reduction of energy 
consumption and CO2 emissions. 

Among all the consumers, buildings are one of the major players. In the U.S., both 
commercial and residential buildings account for about 42% of the annual energy 
consumption. Building sector consumes more than the industrial and transportation 
sectors. At the global level, it is also estimated that buildings consume 20% to 40% of 
the annual energy (Perez-Lombarda et al. 2008). Accordingly, many research efforts 
have been focused on sustainable practices to reduce energy consumption in 
buildings. The general vision for sustainable building is an intelligent building, which 
is responsive to the requirements of the occupants, environment and society by being 
functional and productive for occupants and sustainable in terms of energy 
consumption and CO2 emissions (Clements-Croome 1997). To achieve this level of 
performance for the buildings, the interaction between building systems, processes 
and occupants are required. This interaction requires monitoring and control in the 
buildings by using the obtained information for improving the performance and 
quality of new and existing buildings (Clements-Croome 2011). Buildings are 
designed and constructed to perform based on standard set points, which are assumed 
to provide functionality and satisfaction for the majority of the occupants. These 
standard design conditions and set points are defined under controlled environmental 
conditions and use assumptions about buildings and occupants’ behavior (Jazizadeh 
et al. 2011). However, research studies show that occupants are not always satisfied 
with the performance of the building systems and the predefined set points do not 
guarantee that occupant comfort and energy efficiency will be met (Corgnati et al. 
2009; Wagner et al. 2007; Kwak et al. 2011). Moreover, occupants’ behavior is an 
influential factor that affects building energy consumption and CO2 footprint. 
Occupant’s behavior is defined as a collection of factors such as activities, and 
preferences (Halfawy and Froese 2005). Dynamic occupant behavior and preferences 
are not taken into account in the operation of current building systems. In general, due 
to the complexity and diversity of the behavioral patterns, the influence of the 
occupants’ behavior is considered only in simulation of typical occupant activities 
such as control of sun-shading devices (Halfawy and Froese 2005).  

Occupants are a major factor in the energy consumption equation in buildings and 
arguably one of the most important factors in determining building’s energy demand. 
In residential buildings, occupants are in charge of controlling building system 
performance and also responsible for the energy costs; so they have motivation to 
keep the balance between their energy related behaviors, their comfort preferences 



and their energy consumption. However, in commercial sector, the majority of 
buildings are managed centrally through Building Management Systems (BMS) and 
employers pay energy bills. Occupants are not involved and aware of the 
consequences of their behaviors. Accordingly, BMS should be capable of 
communicating with its occupants in sustainable commercial buildings, query their 
comfort levels and adjust the system settings based on their preferences. In some 
cases, occupant comfort may contradict with the goal of reduced building energy 
consumption, and modifying occupant’s energy related behavior could increase 
building energy efficiency. This paper argues that BMS should have the capability of 
providing building occupants with energy related information and suggestions that 
could result in increased building energy efficiency. To test this possibility and to 
measure the success of providing energy related information in impacting occupant’s 
energy related behaviors, this paper presents results from a test that focused on visual 
comfort and energy consumption related to lighting systems. 

Occupant Behavior and Energy Consumption 

In this study, occupants’ preferences and habits that affect energy consumption are 
considered as occupants’ behavior. As an example of an introduction of occupant 
behavior in the energy-comfort equation, Bourgeois, et al. (Bourgeois et al. 2006) 
have argued for an approach that predicts personal actions taken in response to 
physical conditions such as lighting levels, and hot/cold conditions by extrapolating 
from behavioral models derived from field studies. Though this approach looks 
promising, it can be challenging and as (Tanimoto and Hagishima 2010) pointed out 
it can result in gross overestimations of peak demand. This pattern of reasoning also 
does exist in thermal and adaptive comfort studies (Nicol and Humphreys 2009; Nicol 
and Humphreys 2002; Ole Fanger and Toftum 2002) as well as in studies examining 
how occupants react to a priori ambient factors (Reinhart and Voss 2003; Maniccia 
and Rutledge, B. and Rea, M.S. 1998; Morel, N. and Lindelo, D. 2006; Mahdavi 
2008).  

An alternative approach, which is adopted in this study, is to increase energy 
awareness. Energy literacy is the recognition of energy concepts (Darby 2006) and 
energy saving behaviors (DeWaters and Powers 2009). Energy literacy creates a 
tangible sense of end-user’s energy consumption (DeWaters and Powers 2006). In 
order for building occupants to make informed choices related to energy, they need to 
understand its consumption as well as the potential consequences of 
overconsumption. Peschiera et al. (Peschiera et al. 2010) studied the effects of 
providing personal energy consumption to a group of students in dormitory units by 
providing different levels of information. In their study, one group was provided with 
their own energy consumption; another group was provided with building average 
energy consumption information; and the third group was provided with the peers’ 



energy consumption. Providing peers’ information and the social competition turned 
out to be the most effective strategy.  

However, the past research has focused largely on household energy use, and little is 
known about interventions with employees at the office. In office buildings, 
occupants are not motivated to reduce their energy consumption. Moreover, due to 
occupants’ preoccupation with their daily tasks, little attention is paid to energy 
related habits such as turning off appliances, which are not in use. In this study, 
occupants of office buildings are reminded about their behavior’s impact on energy 
use by providing different levels of information; moreover, the impact of varying 
levels of information on energy related behavior is measured. 

Experimental Set up 

An experimental study was designed to investigate the effectiveness of conveying 
energy related information. Lighting systems are one of the best subjects for the 
purpose of this study due to their contribution to the overall building energy 
consumption and also due to the fact that lighting systems are accessible and 
controllable by occupants. Research studies show that occupants may be influenced 
by (1) antecedent (general) information such as practical ways for reducing energy-
consumption disseminated through pamphlets or brochures and  (2) consequence 
(feedback) information about their actions and/or knowledge of results (Wood and 
Newborough 2003). For this study, two groups of occupants were provided with 
different levels of information: 

 Group I: Occupants in this group were asked to reduce their lighting levels in 
their offices and no supporting information was provided. 

 Group II: Occupants in this group were asked to reduce their lighting level in 
their offices and information about the impact on energy consumption and 
environment was provided. 

 
The occupants for this study were twenty-two university staff in seven buildings on 
the university campus divided into two groups of eleven individuals. Staff was 
chosen, as they tend to work in their offices for most of the time in the day. Visual 
observations of the target occupants’ habits showed that all occupants keep their 
office lights on during working hours. Flexibility in adjusting the lighting level was 
the main criterion for selecting the rooms in this study. In campus buildings, typical 
light fixtures have three fluorescent light bulbs; therefore, for the fixtures that are 
equipped with double switches, the occupant can adjust lighting to four different 
levels - zero bulbs in use, 1 bulb in use, 2 bulbs in use and 3 bulbs in use. For this 
study, having windows or light fixtures with double switches were the main criteria 



for room selection. Considering the above-mentioned constraints, staff rooms were 
selected in seven different buildings.  
 
With participants’ agreement (under the IRB# UP-11-00329), the rooms were 
equipped with light sensors that are capable of detecting variation in the number of 
bulbs-in-use to measure occupant’s compliance with the requests. These sensors 
communicated the light intensity readings through a wireless network to a database. 
Linksprite DiamondBack microcontrollers, equipped with a WiFi module and AMBI 
light intensity sensors, connected to an analogue pin of the microcontroller, were 
used. The AMBI light intensity sensor maps the voltage between 0 to 5 volts to a 
number between 0 and 1023, which is used as an indicator for light intensity. 
Figure.1-a shows the sensor readings for two rooms with different areas and different 
number of light fixtures. As it can be seen, the sensor is sensitive to changes in the 
number of bulbs-in-use for different room geometries. Since in this study the relative 
variation of the light intensity is important, no calibration process was carried out. 
The microcontroller and the AMBI light intensity sensor are shown in Figure.1-b. 
Visual observation of the rooms was also carried out as a contingency measure. 
 

 

 

 
a) Sensitivity of the light sensor to the 

variations in light intensity 
b) Linksprite Diamnodback 

Microcontroller and AMBI Light 
intensity sensor 

Figure.1 Light intensity sensor components 
 
The experiment for each group was carried out for three consecutive days and two 
reminder emails were sent to occupants on a daily basis. The first email was sent at 
11 am and the second email was sent at 2 pm. The content of the email for each group 
was as follows: 
 
 Group I: "By reducing (dimming) the lighting level in your office, you can 

reduce the total building energy consumption." 
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 Group II: "By reducing (dimming) the lighting level in your office, you can 
reduce the total building energy consumption. If you agree to reduce lighting 
level in your office, the annual collective energy savings at the building level 
can be up to 26,000 kWh on average, which is equivalent to a reduction of 
CO2 emissions for 2.2 homes for one year and a reduction of greenhouse gas 
emissions that can be achieved by recycling 6.2 tons of waste." 

 
In preparing the message for group II, it is assumed that on average in a building 100 
rooms are going to respond and reduce the lighting (if the message is sent to all 
occupants). The next assumption is the reduction will be 1.024 KWh per day -
equivalent of 4x32 watt bulbs (typical fluorescent bulbs are 32 watt) per room for 8 
hours. In this way, about 103 KWh of savings in the building can be achieved. 
Considering there are 260 working days in a year, approximately 26,000 KWh of 
savings can be achieved per year per building. The reason for using energy 
information at the building level is to inform occupants that their collective 
contributions can result in considerable savings per year. Environmental impact of the 
savings was also added by converting KWh of savings. The experiment was 
conducted for two weeks in the fall of 2011. At the end of the experiment, a short exit 
survey was carried out. The questions were as follows: 
 
What was the main reason for your actions? 
If you agreed: (you can choose multiple answers) 

a) I prefer using natural light  
b) Becoming more energy conscious was important for me 
c) Other: (please specify briefly) 

If you did not agree: (you can choose multiple answers) 
a) I prefer using artificial light rather than natural 
b) I prefer using artificial light as well as natural 
c) There is insufficient natural light 
d) I prefer brighter lighting while working 
e) Other: (please briefly specify) 

Rate the usefulness of the message you have received. Rate it on a scale of 1 to 5, 1 
being not helpful at all and 5 being extremely helpful  
 
Results and Discussion 
 
The outcome of the experiments has been presented in Table.1. As it could be seen in 
the second column of the table, the means of the average acceptance rate differ with 
about 40 percent between the two groups. The result of the t-test shows a p value less 
than 0.05. Accordingly, the difference between acceptance rate of group II comparing 
to the rate from group I is statistically significant. This difference proves that 



providing information intensive feedback is more effective in encouraging towards 
energy conservation than feedbacks without motivating information.  
 

Table.1 Experiments results for acceptance rate and occupant rating 
Group Average Acceptance Rate (%) Occupant Rating (1 to 5) 

Group I 28.79 3.82 
Group II 68.18 4.18 

Mean Difference 39.39 0.36 
  
On average almost 29% of the participants of Group I with standard deviation of 
11.03% reduced the lighting level in their offices. In addition, about 68% of the 
participants in Group II with standard deviation of 9.65% reduced the lighting level in 
their offices. The standard deviation values also show that the data dispersion in each 
group was limited. On the other hand, although the occupants in group II rated that 
the feedback was more helpful, the difference between two groups' rating was not 
significant. The histogram of the exit survey rating results is as presented in Figure.2. 
On average, the rating of Group I in terms of usefulness of the message was 3.82 and 
the rating of Group II was 4.18.  

 
Figure.2 Histogram of the exit survey rating results 

 
In Group II, nine of the participants mentioned the significant energy awareness as 
the reason for modifying their behavior, while, in Group I, only 4 participants pointed 
to energy awareness as their reason for modifying their behavior. In Group I, about 
40% of the non-conformers stated that they were not fully convinced about the reason 
for reducing their lighting level. However, the remaining 60% stated that they prefer 
artificial lighting or brighter lighting while their working and they didn't mention any 
relationship between their behavior and the information level. In general, more than 
half of the participants in this study strongly believe that increasing energy awareness 
will be very helpful in encouraging occupants to think about energy consumption. 
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Since occupants in commercial buildings do not have direct financial motivation for 
energy conservation, this study shows that increasing the energy awareness by 
providing effective feedback from building performance to occupants could motivate 
occupants to adjust their behavior towards energy conservation.  
 
Conclusion 
 
In this study, the effect of providing reminders to occupants in order for them to 
modify their behavior towards energy efficiency in office buildings was investigated. 
Two different levels of information were provided through emails to two groups of 
eleven university staff. The results indicate that providing feedback with tangible 
information about the consequences of occupants’ behavior is significantly more 
effective than providing simple reminders for behavior modifications. The experiment 
showed a 40% difference of acceptance rate between the test groups. This shows that 
in the office buildings, providing informative feedback can be used as an effective 
incentive for occupants to adopt energy efficient habits.  
 
As part of the future work, a reminder system will be integrated with an intelligent 
negotiating agent as part of a multi agent simulation  MAS solution (developed by 
authors). Also, the effect of normative information about how occupants’ personal 
energy-conserving behaviors compare with others in the building will be tested.  
 
Acknowledgement 

Authors would like to acknowledge the support of the Department of Energy through 
the grant # DE-EE0004019. Any opinions and findings presented in this paper are 
those of the authors and do not necessarily reflect the views of the Department of 
Energy. 
 
References 

Bourgeois, D., Reinhart, C., and Macdonald, I. (2006). "Adding advanced 
behavioural models in whole building energy simulation: A study on the total energy 
impact of manual and automated lighting control." Energy Build., 38(7), 814-823.  

Clements-Croome, D. (2011). "Sustainable intelligent buildings for people: A 
review." Intelligent Buildings International, 3(2), 67-86.  

Clements-Croome, T. (1997). "What do we mean by intelligent buildings?" 
Autom.Constr., 6(5-6), 395-400.  

Corgnati, S. P., Filippi, M., and Viazzo, S. (2009). "Perception of the thermal 
environment in high school and university classrooms: Subjective preferences and 
thermal comfort." Build.Environ., 42(2), 951-959.  



Dagobert G, K. (2000). "Global warming — facts, assessment, countermeasures." 
Journal of Petroleum Science and Engineering, 26(1-4), 157-168.  

Darby, S. (2006). "The effectiveness of feedback on energy consumption." Technical 
Report, Environmental Change Institute, University of Oxford, .  
DeWaters, J., and Powers, S. (2009). " 
Development and use of energy literacy survey." In Proceedings of the 38th ASES 
National Solar Conference, Buffalo, NY, 
http://www.clarkson.edu/cses/pdf/Development_and_Use_of_an_ 
Energy_Literacy_Survey_ASES09.pdf.  

DeWaters, J., and Powers, S. (2006). "Work in progress: a pilot study to assess the 
impact of a special topics energy module on improving energy literacy of high school 
youth." Frontiers in Education 36th Annual Conference, IEEE, Piscataway, NJ, USA, 
2.  

Halfawy, M., and Froese, T. (2005). "Building integrated 
architecture/engineering/construction systems using smart objects: Methodology and 
implementation." J.Comput.Civ.Eng., 19(2), 172-181.  

IEA. (2006). "Key World Energy Statistics." International Energy Agency, .  

Jazizadeh, F., Kavulya, G., Klein, L., and and Becerik-Gerber, B. (2011). 
"Continuous sensing of occupant perception of indoor ambient factors." ASCE 
International Workshop on Computing in Civil Engineering, 161-168.  

Kwak, J., Varakantham, P., Tambe, M., Klein, L., Jazizadeh, J., Kavulya, G., 
Becerik-Gerber , B., and Gerber, D. (2011). "Towards Optimal Planning for 
Distributed Coordination Under Uncertainty in Energy Domains,2nd International 
Workshop on Agent Technologies for Energy Systems (ATES 2011)." A Workshop of 
the 10th International Conference on Autonomous Agents and Multiagent Systems 
(AAMAS 2011), .  
Mahdavi, A. (2008). "Predictive simulation-based lighting and shading systems 
control in buildings." Building Simulation, 1 25-35.  

Maniccia, D., and Rutledge, B. and Rea, M.S. (1998). "Occupant use of manual 
lighting controls in private offices." Journal of the Illuminating Engineering Society, 
28 489-512.  

Morel, N. and Lindelo, D. (2006). "A field investigation of the intermediate light 
switching by users." Energy and Buildings, 38 790-801.  

Nicol, J. F., and Humphreys, M. A. (2009). "New standards for comfort and energy 
use in buildings." Building Research and Information, 37(1), 68-73.  

Nicol, J. F., and Humphreys, M. A. (2002). "Adaptive thermal comfort and 
sustainable thermal standards for buildings." Thermal Comfort Standards, April 5, 
2001 - April 8, Elsevier Ltd, Windsor, United kingdom, 563-572.  

Ole Fanger, P., and Toftum, J. (2002). "Extension of the PMV model to non-air-
conditioned buildings in warm climates." Thermal Comfort Standards, April 5, 2001 - 
April 8, Elsevier Ltd, Windsor, United kingdom, 533-536.  

http://www.clarkson.edu/cses/pdf/Development_and_Use_of_an_


Perez-Lombarda, L., Ortiz, J., and Pout, C. (2008). "A review on buildings energy 
consumption information." Energy & Buildings, 40(3), 394-8.  

Peschiera, G., Taylor, J. E., and Siegel, J. A. (2010). "Response-relapse patterns of 
building occupant electricity consumption following exposure to personal, 
contextualized and occupant peer network utilization data." Energy Build., 42(8), 
1329-36.  

Reinhart, C. F., and Voss, K. (2003). "Monitoring manual control of electric lighting 
and blinds." Lighting Research and Technology, 35(3), 243-258.  

Tanimoto, J., and Hagishima, A. (2010). "Total utility demand prediction system for 
dwellings based on stochastic processes of actual inhabitants." Journal of Building 
Performance Simulation, 3(2), 155-167.  

Wagner, A., Gossauer, E., Moosmann, C., Gropp, T., and Leonhart, R. (2007). 
"Thermal comfort and workplace occupant satisfaction-Results of field studies in 
German low energy office buildings." Energy Build., 39(7), 758-769.  

Wood, G., and Newborough, M. (2003). "Dynamic energy-consumption indicators 
for domestic appliances: environment, behaviour and design." Energy Build., 35(8), 
821-41.  

 


